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Abstract  
Inoculated with compost from methane oxidation habitats, the differences of methane oxidation capacity were compared and 
investigated after suspended-growth process and attached-growth process. The result showed that the ceramsite-compost matrix 
was formed in short time (3d) under the suspended growth condition and its methane oxidation capacity increased remarkably. 
The peak methane oxidation rate was 52.7g CH4xm-3xh-1 after suspended-growth process. However, the methane oxidation 
capacity of ceramsite was lower after attached-growth process with the peak methane oxidation rate of 13.5 gCH4xm-3xh-1. 
 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
CH4 is the second most important greenhouse gases after CO2. Landfill gas emissions have been found to be a 
principal source of CH4 production. Its treatment is very important for climate control[1]. Energy recovery in heat 
and power stations are certainly the most sustainable use of landfill methane. However, the landfills emission, the 
flux and methane concentration vary greatly over the time. CH4 concentration is less than 20% at much of the 
landfill times, meaning that it is less efficient for the traditional landfill CH4 emission reduction technology[2]. As 
an effective reduction technology for medium-low concentration, CH4 bio-oxidation has been paid more and more 
attention in many forms such as biocover, biofilter[3-6]. Compared to the traditional soil, compost contains 
numerous active microbes which can increase the methane consumption capacity greatly[7,8]. However, the active 
bacteria can also be restrained by harmful composition inside the compost such as excessive salinity[9]. Because of 
the microbial degradation, the compost cannot maintain its physical structures, which increase the risk in the 
disposal process[10]. Although porous inorganic materials can overcome all these shortcomings, their methane 
oxidations have usually been found tiny. Powelson et al.’s study show that the methane consumption of inorganic 
material can reach to the same level with compost under the attached-growth process for 63d[11]. 
This study aims to explore new materials and cultivation methods for enhancing the methane oxidation capacity.  
The ceramsites were inoculated with organic compost acquired from methane oxidation habitats in 
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suspended-growth process and attached-growth process. The effect of two cultivation methods on these mixtures 
was compared to seek cost –effective materials and cultivation methods. 
2. Materials and methods 
2.1expermental materials  
The materials used in this study include methane gas, organic compost, ceramsites, soil and non-carbon nutrient 
solution. Methane gas was purchased from Beijng Huanyuan Air Products and Chemicals Ltd. Its purity is 99.9%. 
The compost were made by State Key Joint Laboratory of Environmental Simulation and Pollution Control and 
screened through 1mm standard sieve for inoculums. The ceramsites were purchased from local flower market. 
Mean diameter of the ceramsites is 7mm, apparent density 365Kg/m3, porosity 46.9%. The soils were collected from 
the school garden. Non-carbon nutrient solution composition : 1 g/L MgSO4ˈ0.03 g/L CuSO4ˈ1 g/L KNO3ˈNa2HPO4ˈ
0.272 g/L KH2PO4੠ 0.25 g/L NH4Cl.. 
2.2 Inoculation with methanotrophs and suspended-growth process 
Organic compost, soil and ceramists were mixed with the proportion 0.5:0.75:4.8(w:w), then these mixtures were 
transferred into an organic glass column ,which was filled with 7L water. After agitation, the mixtures were formed 
into bilevel-the bottom heavy layer (BHL) and the up-light layer(ULL). The bottom layer was aqueous suspension 
consisting of compost and soil, and the up-layer was composed of ceramsites, compost and soil. Gas mixture 
(methane and air) was injected at the bottom of the column by a plastic aerator. The gases flowed through the solid 
mixtures and discharged from the outlet. This experiment was stopped when the methane oxidation efficiency got to 
80%.   
The bottom heavy layer and the up light layer were separated respectively into two same experimental columns, 
and their methane oxidation capacity were compared for about 13d. After the comparison experiment, the BHL were 
used to start the attached-growth experiment. The ULL were conducted for a further observation with the increase of 
the methane load. 
2.3 attached-growth process 
Two similar organic glass columns were filled with fresh ceramsites, the packed height of which was 40cm. The 
run parameters of these experiments were shown in the table 1. Attached–growth process was divided into two 
stages. In the first stages(0-6d), the fresh ceramsites were evenly recharged with the BHL suspension through the 
water distributor, the recharge frequency was 2 times per day, with the speed of 80ml/m2.s. In the second stage 
(7-15d), the suspension was replaced by the non-carbon nutrient solution, with similar frequency of two times per 
day and simialr speed of 160ml/m2.s. 
2.4 Test Method  
The gas flow was measured by using a 10mL soup-film flow meter. Gas components were analyzed by using a 
gas chromatograph (GC-9A,Shimadzu). Gas simple were collected at the outlet and different height along the 
column at interval of 10cm. Each sampling was conducted 2 times as parallel test, and the average was used for 
anyalsis. 
Table 1. The parameters under different cultivation method 
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Cultivation Methods Methane mean 
loadJxPxK 
Methane 
initialconcentration 
(%) 
Inoculums and suspended-growth process  49.8 4.5 
Attached-growth process 31.6 6.4 
8.3 6.4 
3 Result and Discussion   
3.1 Inoculation with methanotrophs and suspended-growth process 
Due to its good pore structure and stable nutrient supply, the ceramsties-compost mixed substrate improved the 
reproductive rate of the methanotrophs. The figure 1 shows that the methan oxidation was relatively stable at the 
early stage of the inoculums, the adaptive phase of the methanotrophs (0-10d). During this short period, methane 
oxidation capacity had no significant increaes and its oxidation rate was limited at the low level(20.9 g CH4xm-3xh-1 
on average), its oxidation efficiency was only at 30-40%. The relatively short adaptive phase of methanotrophs in 
this study suggested that the suspended cultivation methods can provide well aqueous-methane gas habitat and 
sufficient nutrient condition. From day 10, the oxidation rate and efficiency increased gradually simultaneously and 
got to 40.0 g CH4xm-3xh-1, 80% respectively. It was provided that the methanotrophs in the column entered into the 
logarithmic phase through a period of cultivation time.  
Fig. 1 the changes of the methane oxidation capacity in the column during inoculate 
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After the separation of the BHL and ULL into two same columns (A and B), their methane consumption capacity 
were compared. The oxidation in two column is shown in figure 2. At early stage of the separation (0-3d), a short 
pause was observed in both of the columns. It may be caused by the separation process, which changed the habitats 
of methanotrophs. Along with the adaption in new conditions, the oxidation capacity increased dramatically. 10 days 
later, the consumption capacity of A surpassed B. There were several possible explanations. Although aerators were 
equipped in B column, it did not achieve well gas-liquid mass transfer, which limited the methane oxidation rate. 
Simultaneously the majority of the compost adhered to the surface of the ceramsites during the separation process, 
proportion of the compost in the B column was not sufficient, the steady nutrient supply was unrealizable. The 
mixture of the ceramsites and compost can form well gap structure, which made the gas transfer more easily. The 
mixture also had large surface area,, which helped methanotrophs capture more CH4. Obviously, this is good for 
metabolism of the methanotrophs, 
 
Fig 2 Comparison of methane oxidation capacity with different substrates 
Fig. 3. Methane oxidation efficiency with different load(a) low load, 8.3gCH4xh-1xm-3; (b) high load, 31.6gCH4xh-1xm-3 
3.2 Attached-growth process 
CH4 loading is one of important factors that affect greatly on the oxidation system. In general, when the loading 
is less than the maximum of the system, there exist the positive relationship between consumption rate and the CH4 
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loading. When this loading is above the maximum, the rate are kept on a stable level. Based on the 
suspended-growth process, the CH4 oxidation capacity was examined at two different CH4 loadings. During the first 
phase (0-6d), CH4 oxidation and efficiency declined dramatically. The possible explanation was that the nutrient 
component in the suspension was drained, confining the activity of the methanotrophs. From day 7, non-carbon 
nutrient culture was injected in both of two columns and their oxidation rate and efficiency increased gradually. As 
shown in fig 3, the CH4 oxidation rate and efficiency of the low loading column was superior to high loading 
column. It was proved that sufficient retention time and nutrient component were critical in the attached-process 
system. The further optimization of the system’s cultivation parameters needs to be found. 
3.3 The oxidation potential of suspended-growth process. 
In order to investigate the CH4 oxidation potential of the ceramistes-compost mixture, long term oxidation was 
studied by increasing CH4 loading. Under the initial low loading condition (0-15d, 10.1 g CH4xm-3xh-1), the CH4 
consumptions efficiency of mixture substrate rose above 80% at the most of time. In this study, the maximum of the 
CH4 oxidation was observed at 52.7 g CH4xm-3xh-1 ,which was closed to J.Gebert’work[14]. 
4 Conclusions  
1) Raltvely high methane oxidation capacity (7.2g CH4xm-3xh-1) of the ceramsites and compost mixture can be 
developed within a short period of time. The oxidation rate increased steadily at high CH4 loading with the 
maximum of 52.7 g CH4xm-3xh-1. 
2) The consumption ability formed in the attached-growth process was relatively low. Ihe maximum value was 
8.9xm-3xh-1.The nutrient suspension injection was beneficial to raising the methane oxidation capacity. 
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